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(57)  Terminal device (9) for a stator (3) of an electric
machine (2), comprising

- a central opening (21);

- aninsulation body (22) surrounding the central opening
(21) about a longitudinal axis (23) extending through the
central opening (21), the insulation body (22) comprising
abase (24) and a plurality of concentrically arranged ribs
(25a-€) protruding from the base (24) into an axial direc-
tion and extending along a circumferential direction;
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- a plurality of accommodation spaces (26a-d), each
formed between a respective pair of radially adjacent ribs
(25a-e) and having the shape of a sector of an annulus;
and

- a plurality of busbars (27a-c, 28), each being arranged
inside one of the accommodation spaces (26a-d) and
each having a plurality of bends (29) and a plurality of
straights (30), the bends (29) and straights (30) forming
a polygonal shape of the busbar (27a-c, 28).
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Description

[0001] The presentinvention refers to the terminal de-
vice for a stator of an electric machine, comprising a cen-
tral opening; an insulation body surrounding the central
opening about a longitudinal axis extending through the
central opening, the insulation body comprising a base
and a plurality of concentrically arranged ribs protruding
from the base into an axial direction and extending along
a circumferential direction; a plurality of accommodation
spaces, each formed between arespective pair of radially
adjacent ribs; and a plurality of busbars, each being ar-
ranged inside one of the accommodation spaces and
each having a plurality of bends and a plurality of
straights, the bends and straights forming a polygonal
shape of the busbar.

[0002] US2009/0039720 A1 discloses aterminal mod-
ule for a rotating electric machine, comprising: a rail, hav-
ing a plurality of grooves extending in the circumferential
direction and being spaced apart from each other in a
radial direction and a plurality of busbars of the polygonal
shape, fitted in the grooves.

[0003] Terminaldevicesare commonly usedto provide
an external connection of a stator winding. Therein, the
terminal device comprises an insulation body surround-
ing a central opening about a longitudinal axis. A plurality
of accommodations space is formed by the insulation
body and a plurality of busbars are arranged inside the
accommodation spaces. The busbars can be connected
to coils of the stator winding, so as to connect them in a
desired manner, for example, to generate phase connec-
tions and a neutral connection. Busbars with a polygonal
shape formed by straights and bends have already been
proposed and are advantageous as they allow to attach
connections to the stator windings to the straights, which
is easier to manufacture in comparison with an annular
shaped busbar.

[0004] Itis an object of the invention to provide an im-
proved possibility for connecting a stator winding by
means of a terminal device, particularly to improve the
accommodation of polygonal busbars inside the insula-
tion body.

[0005] According to the invention, this object is solved
by means of the terminal device as initially described,
wherein each accommodation space has the shape of a
sector of an annulus.

[0006] The terminal device for a stator of an electric
machine according to the invention comprises a central
opening. The terminal device further comprises an insu-
lation body. The insulation body surrounds the central
opening about a longitudinal axis. The longitudinal axis
extends through the central opening. The insulation body
comprises a base. The insulation body further comprises
a plurality of ribs. The ribs are arranged concentrically.
The ribs protrude from the base into an axial direction.
The ribs extend along a circumferential direction. The
terminal device further comprises a plurality of accom-
modation spaces. Each accommodation space is formed
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between the respective pair of radially adjacent ribs. The
terminal device further comprises a plurality of busbars.
Each busbar is arranged inside one of the accommoda-
tion spaces. Each busbar has a plurality of bends and a
plurality of straights. The bends and straights form a po-
lygonal shape ofthe busbar. Each accommodation space
has the shape of a sector of an annulus.

[0007] The invention is based upon the consideration
to combine the polygonal shaped busbars with the an-
nularly-shaped accommodation spaces. As the accom-
modation spaces and the busbars are shaped differently,
a more stable arrangement and fixation of the busbars
inside the insulation body may be achieved.

[0008] The central openingis preferably fully surround-
ed by the insulation body. The terms "axial direction”,
"circumferential direction" and "radial direction" may refer
to the longitudinal axis. Preferably, the base is a flat
and/or annularly shaped part of the insulation body. The
base may comprise a first side and a second side oppos-
ing the first side with regard to the axial direction. The
ribs may protrude from the first side. The second side
may be configured to face the stator. The sector of the
annulus preferably extends along an angular range in
the circumferential direction of at least 180°, preferably
at least 210°, more preferably at least 240°. Preferably,
the sectors extend along an angular range in the circum-
ferential of at most 350°, more preferably at most 340°.
Each accommodation space may be circumferentially
closed by two members of the insulation body protruding
from the base into the axial direction and extending ra-
dially between the respective pair of radially adjacent ribs
that form the accommodation space.

[0009] Preferably, the bends touch one rib of the pair
of adjacentribs that form the accommodation space such
that the busbar is fitted into the accommodation space
by aretraction force. Thereby, the busbars may be force-
fitted between the ribs so as to increase stability.
[0010] Preferably, the accommodation space compris-
es clearances formed between the rib touched by the
bends and the straights. Particularly, the straights may
extend without contact to a radially outer rib of the pair
of adjacent ribs.

[0011] Furthermore, the accommodation space may
comprise clearances formed between the other rib of the
pair of adjacent ribs and the bends. Particularly, the bus-
bars are arranged such inside the accommodation spac-
es that only the bends touch the radially outer rib of the
pair of adjacent of ribs.

[0012] Alternatively or additionally, at least a part of
the straights touches the other rib of the pair of adjacent
ribs. Thereby, an additional support inside the accom-
modation space may be provided by the insulation body.
[0013] Each busbar of the terminal device according
to the invention may have a cross-sectional area with
opposing long sides extending along the axial direction
and with opposing short sides connecting the long sides.
Thus, the arrangement of the busbars inside the accom-
modation spaces may be considered as vertical. There-
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by, the long sides can provide a large contact area for
terminal conductors of the stator to be electrically con-
nected with the busbar.

[0014] More preferably, each busbar comprises plural
connection sections being arranged at different angular
positions along the circumferential direction and bar sec-
tions extending between the connection sections. There-
in, the long sides within the connection sections may be
larger than the long sides within the bar sections.
[0015] Preferably, the or some of the connection sec-
tions are formed as coil connection sections protruding
from the straights. The insulation body may further com-
prise openings penetrating the base at angular positions
in the circumferential direction, where a respective coil
connection section is arranged. By means of the coil con-
nection sections and the openings in the base, terminal
conductors of the stator can be led through the openings
so as to be connected with the core connection sections
of the busbar. As the coil connection sections protrude
from the straights into the axial direction, the terminal
conductors may be attached to the long sides of the
straights, where a flat connection area is provided.
[0016] Advantageously, plural of the busbars are
formed as phase connection busbars, wherein one of the
connection sections of each phase connection busbar is
formed as a phase connection section. The phase con-
nection sections are, in particular, configured to be con-
nected to a, particularly multiphase, AC voltage supply
so as to transfer a current provided by the AC power
supply via the terminal device to the stator.

[0017] Preferably, one rib of the pair of ribs forming a
respective one of the accommodation spaces for the
phase connection busbars forms a radial recess such
that the openings are surrounded on three sides by the
rib. Thereby, a position of the connection terminals is
fixed in the circumferential direction so as to provide suf-
ficient air and creepage distances that avoid a short-cir-
cuit and to securely arrange the terminal connection with
regard to the busbar.

[0018] It is further preferred that the long sides within
the phase connection section are larger than the long
sides within a respective other one of the connection sec-
tions. Thereby, sufficient space for attaching a further
busbar, particularly carrying the current supplied by the
AC voltage supply, is provided.

[0019] Preferably, the long sides within one of the bar
sections thatextends between the phase connection sec-
tion and one of the core connection sections are larger
than the long sides within a respective other one of the
bar sections. By having larger long sides between the
phase connection section and the one of the coil connec-
tion sections, the cross-section of the bar sections is en-
larged so as to reduce of the ohmic resistance of the bar
section, through which a current for both coil connection
terminals flows.

[0020] Preferably, each phase connection busbar ex-
tends along an angular range in the circumferential di-
rection of at least 180°, preferably at least 220°, more
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preferably at least 230° and/or at most 300°, preferably
atmost270°, more preferably at most260°. Such a phase
connection busbar allows to connect coil connection ter-
minals of the same phase, which are distributed over a
wide range in the circumferential direction.

[0021] Additionally or alternatively, the ribs comprise
protrusions extending into the axial direction away from
the base at angular positions in the circumferential direc-
tion, where the phase connection sections are arranged,
each protrusion having an axial deepening that forms a
mounting space for a further busbar to be connected with
the phase connection section. The mounting space may
be arranged with an axial distance to the bar section of
the respective phase connection busbar. Providing the
ribs with the protrusions allows to lead the further busbar
with defined air and creepage distances. The deepenings
in the protrusions allow to securely arrange the further
busbar on the insulation body.

[0022] Furthermore, one of the busbars may be formed
as a neutral connection busbar. This allows to integrate
neutral connections as well as phase connections in one
terminal device.

[0023] The neutral connection busbar may be ar-
ranged radially inside with respect to the phase connec-
tion busbars. The neutral connection busbar may further-
more extend along a larger angular range in the circum-
ferential direction then the phase connection busbars.
This allows to connect core connection terminals, which
are distributed over an even wider circumferential range.
However, with regard to specific application require-
ments, particularly a winding scheme of the stator wind-
ing, it is also possible that neutral connection busbar is
arranged radially outside with respect to the phase con-
nection busbars or between the phase connection bus-
bars and/or that the neutral connection busbar extends
along an equal or smaller angular range in the circum-
ferential direction then the phase connection busbars.
[0024] Advantageously, at each of the angular posi-
tions onerib of the pair of ribs forming the accommodation
space for the neutral connection busbar the openings are
radially open towards the central opening. This allows to
flexibly lead terminal conductors from the stator to the
neutral connection busbar. Particularly, higher toleranc-
es for terminal conductors to be connected to the neutral
connection busbar can be allowed, when the openings
are radially open. However, with regard to specific im-
plementations, particularly with regard to a certain wind-
ing scheme, it is also possible that the openings are not
radially open towards the central opening, particularly
the neutral connection busbar may be disposed in an
accommodation space having accommodation spaces
for two phase connection busbars on both radial sides.
[0025] The terminal device according to the invention
may further comprise at least three, preferably at least
six, legs extending from the base into the axial direction
away from the ribs. Such legs, preferably protruding from
the second side of the base, may define a predetermined
distance between the base and the stator when mounting
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the terminal device. More preferably, each leg has a
cross-sectional area perpendicular to the axial direction
with a, particularly radiused, edge pointing radially in-
wards. Such an edge allows that a resin sprayed on the
stator and the terminal device or applied by dipping after
attachment can flow away so as to avoid undesired ac-
cumulations of the resin.

[0026] A cross-section of a respective leg may have
the shape of a radiused triangle with eccentric sides. The
triangle may be an isosceles triangle, particularly with a
base pointing radially outward. The legs may be tapered
along a direction away from the insulation body.

[0027] Further, the base of the terminal device accord-
ing to the invention may comprise a plurality of through-
holes. Such a through-holes, preferably arranged in sec-
tions, where no busbar is arranged, and/or circumferen-
tially distributed between each pair of adjacent ribs, allow
the resin to flow therethrough so as to avoid correspond-
ing accumulations in the area, where the through-holes
are provided.

[0028] The base may comprise a further opening, pref-
erably radially open towards the central opening, and a
protrusion formed at an edge of the opening and extend-
ing into the same axial direction as the ribs, the protrusion
being configured to guide a temperature sensor. The pro-
trusion may have the shape of a half-circle.

[0029] The object of the present invention is further
solved by an electric drive comprising an electric machine
having a stator and a rotor being rotatably mounted inside
the stator, the stator comprising a stator core and a stator
winding, the stator winding forming a winding head at an
axial face side of the stator core, and a terminal device
according to the invention, the busbars being connected
to the stator winding, wherein the insulation body insu-
lates the busbars against the winding head.

[0030] Preferably, the rotor is permanently or electri-
cally excited. The electric machine may be a synchro-
nous machine or an induction machine. The stator core
may be formed by a plurality of axially laminated and/or
mutually insulated sheets of metal. Preferably, the stator
winding is a hairpin winding.

[0031] Preferably, the stator winding comprises a plu-
rality of coils, each coil being formed by a first terminal
conductor, a second terminal conductor and further con-
ductors realizing a current path from the first terminal
conductors to the second terminal conductor, wherein a
respective terminal conductor extends in the axial direc-
tion away from the winding head through one of the open-
ings and is connected to one of the coil connection sec-
tions. With regard to the stator winding being a hairpin
winding, the further conductors are preferably formed
segmented conductors each having two legs, the legs
being connected by a head section, which forms the wind-
ing head. At an opposite axial face side, the legs may be
connected by means of welding.

[0032] Advantageously, the first terminal conductors
are connected to the coil connection sections of the
phase connection busbars and comprise a first bend to
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extend along the radial direction between the winding
head and the insulation body and a second bend to ex-
tend axially through the opening.

[0033] Preferably, the second terminal conductors are
connected to the neutral connection busbar and extend
straightly along the axial direction between the winding
head and the insulation body to extend through the open-
ing. However, with regard to specific application require-
ments it is also possible that the first terminal conductors
extend straightly along the axial direction between the
winding head and the insulation body to extend through
the opening.

[0034] Preferably, the second terminal conductors are
disposed at an inner diameter of the winding head. How-
ever, with regard to specific application requirements it
is also possible that the second terminal conductors are
disposed at an outer diameter of the winding head or that
the second terminal conductors extend out of the winding
head at an intermediate position between an outer diam-
eter and an inner diameter of the winding head.

[0035] Advantageously, a further bus bar for each
phase connection busbar, the further busbar being
mounted inside the mounting space and being connected
to the phase connection section. The further bus bars
may be integrated in a connection assembly of the elec-
tric drive.

[0036] Preferably, the electric drive comprises a tem-
perature sensor guided through the opening in the base
and thermally coupled to the winding head.

[0037] The object of the present invention is further
solved by a method for manufacturing an electric drive
for a vehicle, comprising the following steps: Providing a
stator comprising a stator core and a stator winding, the
stator winding forming a winding head at an axial face
side of the stator core; Mounting a terminal device ac-
cording to the invention to the stator such that the busbars
being connected to the stator winding and that the insu-
lation body insulates the busbars against the winding
head.

[0038] Preferably, the method comprises the following
steps: Rotating the stator with the mounted terminal de-
vice about the longitudinal axis; Impregnating the stator
and the terminal device while rotating them by means of
aresin.

[0039] The busbars may be formed by blank copper.
Preferably, the method further comprises the following
step, preferably carried out after connecting the further
busbar: Dipping the stator with the mounted terminal de-
vice into resin such that the blank copper is covered by
the resin.

[0040] Preferably, during impregnating the stator
and/or after dipping the stator the resin flows through the
through-holes and/or along the edge pointing radially in-
wards.

[0041] All statements referring to the terminal device
according to the invention apply analogously to the elec-
tric drive and to the method according to the invention.
Thus, all advantages described with regard to the termi-
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nal device according to the invention may be achieved
with the electric drive and the method according to the
invention as well.

[0042] Further details and advantages of the present
invention are described in the following embodiments
and in the drawings. The drawings are schematic draw-
ings and show:

Fig. 1 a block diagram of an embodiment of an elec-
tric drive according to the invention

Fig. 2 a perspective view of a stator of the electric
drive and an embodiment of a terminal device
according to the invention;

Fig. 3 a perspective view of the terminal device;

Fig. 4 an exploded view of terminal device;

Fig. 5 a bottom view of the terminal device;

Fig. 6 a top view of the terminal device when being
attached to the stator;

Fig. 7 a detailed view of Fig. 6;

Fig. 8 a detailed view of a phase connection busbar;

Fig. 9 cross-sectional views of the busbar shown in
Fig. 8;

Fig. 10  a cross-sectional view of the terminal device
along a section X-X in Fig. 6;

Fig. 11 adetailed perspective view of the terminal de-
vice and the connection assembly; and

Fig. 12  across-sectional view through one of the legs.

[0043] Fig. 1 is a block diagram of an embodiment of

an electric drive 1. The electric drive 1 is configured to
drive a vehicle 100, such as a battery electric vehicle
(BEV) or a hybrid vehicle.

[0044] The electric drive 1 comprises an electric ma-
chine 2 having a stator 3 and a rotor 4 being rotatably
mounted inside the stator 3. Furthermore, the electric
machine 2 comprises a shaft 5. Exemplarily, the electric
machine is depicted as a three-phase permanent or elec-
trically excited synchronous machine but may alterna-
tively be an induction machine.

[0045] The electric drive 1 further comprises aninvert-
er 6, exemplarily functioning as three-phase AC voltage
supply. The inverter 6 is connected via a connection as-
sembly 7 having three busbars 8a, 8b, 8c to a terminal
device 9 of the electric drive 1.

[0046] The electric drive 1 further comprises a temper-
ature sensor 10 configured to detect a temperature in the
stator 3 and to provide sensor signals to a controller 11,
which is connected to the inverter 6.

[0047] Fig. 2 is a perspective view of the stator 3 and
an embodiment of the terminal device 9. Furthermore,
the temperature sensor 10 and the connection device 7
with the busbars 8a, 8b, 8c are depicted.

[0048] The stator 3 comprises a stator core 12 formed
by a plurality of laminated and mutually insulated metal
sheets. The stator 3 further comprises a stator winding
13 forming a winding head 14 at the first axial face side
15 of the stator core. At the second axial face side 16
opposing the first axial face side 15 a further winding
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head 17 of the stator winding 13 is formed.

[0049] The present embodiment, the stator windings
13 isformed as a hairpin winding. Thus, the stator winding
13 comprises a plurality of interconnected, segmented
U-shaped conductors 18, which have a head section
forming the winding head 14 and leg sections connected
by welding and forming the winding head 17.

[0050] The stator winding 13 comprises a plurality of
coils. Each coil is formed by the first terminal conductor
19a, 19b, 19¢c, the second terminal conductor 20 and
further conductors realizing a current path from the first
terminal conductors 19a, 19b, 19c to the second terminal
conductor. A respective terminal conductor 19a, 19b,
19c, 20 extends in radial direction away from the winding
head 13. The further conductors are realized by the U-
shaped conductors 18, whereas the terminal conductors
19a, 19b, 19c¢, 20 are formed by conductors having free
end instead of a head portion and which are connected
to the conductors 18 on the second axial face side 16.
[0051] Fig. 3 to Fig. 5 show the terminal device 9.
Therein, Fig. 3 is a perspective view, Fig. 4 is an exploded
view and Fig. 5 is a bottom view.

[0052] Theterminal device 9 comprises acentral open-
ing 21, through which the shaft 5 (see Fig. 1) is led. Fur-
ther, the terminal device 9 comprises an insulation body
22 surrounding the central opening 21 about a longitudi-
nal axis 23, which extends through the central opening
21. The insulation body 22 comprises a plate-shaped
base 24 with a first side 24a and an opposing second
side 24b. Further, the insulation body 22 comprises a
plurality of concentrically arranged ribs 25a to 25e. The
ribs 25a to 25e protrude from the first side 24a of the
base 24 into an axial direction. Each rib 25a to 25e ex-
tends along a circumferential direction.

[0053] Between a respective pair of radially adjacent
ribs 25a to 25e accommodation spaces 26a to 26d are
formed. In the present embodiment five ribs 25a to 25e
forming four accommodation spaces 26a to 26d are pro-
vided. Therein, the first rib 25a, being the radially outer-
most rib, and the radially adjacent second rib 25b form
the first accommodation space 26a, the second rib 25b
and the adjacent third rib 25c form the second accom-
modation space 26b, the third rib 25c and the adjacent
fourth rib 25d form the third accommodation space 26¢
and the fourth rib 26d and the fifth rib 25e, being the
innermostrib, form the fourth accommodation space 26d.
[0054] The terminal device 9 further comprises a plu-
rality of busbars 27a, 27b, 27c, 28. Each busbar 27a,
27b, 27d, 28 is arranged inside one of the accommoda-
tion spaces 26a to 26d. The busbars 27a, 27b, 27c are
formed as phase connection busbars and are arranged
inside the first, the second and the third accommodation
spaces 26a, 26b, 26d. The busbar 28 is formed as neutral
connection busbar and arranged inside the fourth accom-
modation space 26d.

[0055] As can be seen bestinFig. 4, each busbar 27a,
27b, 27c, 28 has a plurality of bends 29 and a plurality
of straights 30. The bends 29 and the straights 30 form
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a polygonal shape of the busbars 27a, 27b, 27¢c, 28. Ex-
emplarily, in the present embodiment the phase connec-
tion busbars 27a, 27b, 27c each have twelve bends and
thirteen straights 30 and the neutral connection busbar
28 has sixteen bends 29 and seventeen straights 30.
[0056] Each accommodation space 26a to 26d has the
shape of the sector of an annulus. Consequently, the ribs
25a to 25e have the shape of the sector of an annulus
as well. In the present embodiment, each accommoda-
tion space 26a to 26¢ for the phase connection busbars
27ato 27c extends along an angular range in the circum-
ferential direction of about 250°. The neutral connection
busbar 28 extends along an angular range in the circum-
ferential direction of about 330°. The angular extent of
the respective busbar 27a, 27b, 27c, 28 corresponds
substantially to the angular range of the accommodation
space 26a to 26d, inside which the respective busbar
27ato 27c, 28 is arranged.

[0057] Each accommodation space 26a to 26d is cir-
cumferentially closed by two members 31 of the insula-
tion body 22. The members 31 extent radially between
a respective pair of radially adjacent ribs 25a to 25e and
protrude from the base 24 into the axial direction.
[0058] Fig. 6 and Fig. 7 show the terminal device 9
when being attached to the stator 3, wherein Fig. 6 is a
top view and Fig. 7 is a detailed view thereof.

[0059] As representatively shown in Fig. 7 with regard
to the first and second ribs 25a, 25b, the first accommo-
dation space 26a and the busbar 27a, the bends 29 touch
one rib 25a of the pair of adjacent ribs 25a, 25b that form
the accommodation space 26a such that the busbar 27a
is fitted into the accommodation space 26a by aretraction
force. Therein, the accommodation space 26a comprises
clearances 32 formed between the rib 25a touched by
the bends 29 and the straights 30. Also, the accommo-
dation space 26a comprises clearances 33 formed be-
tween the other rib of the pair of adjacent ribs 25b and
the bends 29. At least a part of the straights 30 touches
the other rib of the pair of adjacent ribs 25b. Consequent-
ly, the polygonal busbar 27a is force-fitted into the annular
accommodation space 26a.

[0060] Fig. 8 is a detailed perspective view of a phase
connection busbar 27a, 27b, 27c. Fig. 9 shows cross-
sectional views of the busbar 27a, 27b, 27c depicted in
Fig. 8.

[0061] Each busbar 27a, 27b, 27c, 28 has a cross-
sectional area with opposing long sides 34 extending
along the axial direction and with opposing short sides
35 connecting the long sides 34. Each busbar comprises
27a, 27b, 27c, 28 comprises plural connection sections
36a to 36e being arranged at different angular positions
along the circumferential direction. Further, each busbar
27a,27b, 27c comprises bar sections 37a to 37d extend-
ing between the connection sections 36a to 36e. Within
the connection sections 36a to 36e the long sides 34 are
larger than the long sides 34 within the bar sections 37a
to 37d as can be seen best in Fig. 9.

[0062] The connection sections 36a, 36b, 36¢, 36e are

10

15

20

25

30

35

40

45

50

55

formed as coil connection sections protruding from the
straights 30. As can be seen best in Fig. 7, the insulation
body comprises openings 38, 40 penetrating the base
24 at angular positions of the circumferential direction,
where arespective coil connection section 36a, 36b, 36¢,
36e is arranged.

[0063] With regard to the phase connection busbars
27a, 27b, 27c, representatively shown in Fig. 8, one con-
nection section 36d is formed as phase connection sec-
tion. The phase connection sections 36d are connected
to the busbars 8a, 8b, 8c (see Fig. 2). The other connec-
tion sections 36a, 36b, 36¢ are formed as coil connection
sections. The coil connection sections 36a, 36b, 36¢ are
connected to the first terminal conductors 19a, 19b, 19c,
which are led through the openings 38. Therein, the ra-
dially inner rib 25b, 25c, 25d of the pair of ribs 25a to 25d
forming a respective one of the accommodation spaces
26a, 26b, 26¢ for the phase connection busbars 27a,
27b, 27cforms radial recesses 39 such that the openings
38 are surrounded on three sides by the rib 25b, 25¢, 25d.
[0064] The long sides 34 within the phase connection
section 36d are larger than the long sides 34 within the
coil connection sections 36a, 36b, 36¢. Further, the long
sides 34 within one of the bar sections 37b that extends
between the phase connection section 36d and one of
the coil connection sections 36b are larger than the long
sides 34 within a respective other one of bar sections
37a, 37c. As the current supplied by means of the phase
connection section 36¢ splits up behind the coil connec-
tion section 36b so as to flow into one of the first terminal
conductors 19a, 19b, 19¢ and to flow further to the coil
connection section 36a, the larger long sides 34 of the
bar section 37b provide a larger cross-sectional area for
carrying a respective higher amount of current than the
bar section 37a.

[0065] With regard to the neutral connection busbar
28, only coil connection sections 36e are provided, which
are formed correspondingly to the coil connection sec-
tions 36a, 36b, 36¢ of the phase connection busbars 273,
27b, 27c. Also, the bar sections 37d of the neutral con-
nection busbar 28 are formed correspondingly to the
small bar sections 37a, 37c of the phase connection bus-
bars 27a, 27b, 27c. The coil connection sections 37d of
the neutral connection busbar 28 are connected to the
second terminal conductors 20, which are led though the
openings 40. In contrast to the openings 38 for the first
terminal conductors 19a, 19b, 19c, the openings 40 for
the second terminal conductors 20 are radially open to-
wards the central opening 21. This allows to handle po-
sition tolerances of the second terminal conductors 20,
which may be larger than the ones of the first terminal
conductors 19a, 19b, 19c.

[0066] Fig. 10 is a cross-sectional view of the terminal
device along a section X-X in Fig. 6.

[0067] The first terminal conductors 19a, 19b, 19c are
connected to the coil connection sections 36a, 36b, 36¢
of the phase connection busbars 27a, 27b, 27c and com-
prise a first bend 41 to extend along the radial direction
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between the winding head 14 and the insulation body 22
or the base 24, respectively. Further the terminal con-
ductors 19a, 19b, 19c comprise a second bend 42 to
extend axially through the opening 38. In contrast, the
second terminal conductors 20 extend straightly along
the axial direction between the winding head 40 and the
insulation body 22 to extend through the opening 40.
[0068] Fig. 11 is a detailed perspective view of the ter-
minal device 9 and the connection assembly 7.

[0069] Each radially outer rib 25a, 25b, 25c of a re-
spective pair of ribs 25a to 25d that forms one of the
accommodation spaces 26a, 26b, 26¢ for the phase con-
nection busbars 27a, 27b, 27c comprises a protrusion
43a, 43b, 43c extending into the axial direction away from
the base 24 at angular positions in the circumferential
direction, where the phase connection sections 36d are
arranged. Each protrusion 43a, 43b, 43c has an axial
deepening 44a that forms a mounting space for the bus-
bar 8a, 8b, 8c of the connection assembly 7 to be con-
nected with the phase connection section 36d. Further
deepenings 44b, 44c are provided for those busbars bars
8b, 8c that radially cross the phase connection busbar
27a, 27b accommodated in the accommodation space
26a, 26b which is formed by the outer rib 25a, 25b, 25¢.
The deepenings 44a, 44b, 44c also form the mounting
space, which is arranged with an axial distance to the
bar section 37c of a respective phase connection busbar
27a, 27b, 27c.

[0070] Again with reference to Fig. 2, Fig. 4 and Fig.
5, the terminal device 9 further comprises six legs 45
extending from the base 24 into the axial direction away
from the ribs 25a to 25e. Thus, the ribs extend from the
second side 24b of the base 24. The legs 45 are tapered
towards the stator 2 and serve as a spacer during mount-
ing the terminal device 9 to the stator 2 or the stator core
12, respectively.

[0071] Fig. 12 is a cross-sectional view though one of
the legs 45. Each leg 45 has the cross-sectional shape
of a radiused triangle with eccentric sides 46a. Specifi-
cally, the triangle is an isosceles triangle with its base
pointing radially outwards. Therein, each leg 45 has ra-
diused edges 46b, one of which points radially inwards.
[0072] Again with reference to Fig. 5, the base 24 com-
prises a plurality of through-holes 47a, 47b. Several
through-holes 47a are arranged between each pair of
adjacentribs 25a to 25e and distributed circumferentially.
Several though-holes 47b are arranged in sections of the
base 24, where no busbar is provided.

[0073] Again with reference to Fig. 2 and Fig. 3, the
temperature sensor 10 is guided in a further opening 48
of the base 22. The opening 48 is radially open towards
the central opening 21. A protrusion is formed at an edge
of the opening 48 and extending into the same axial di-
rection as the ribs 25a to 25e. The protrusion has the
shape of a half-circle.

[0074] Inthe following, an embodiment of a method for
manufacturing an electric drive 1 is described, wherein
reference is made to the above-described embodiments.
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[0075] The method comprises a step of providing a sta-
tor 3 comprising a stator core 12 and a stator winding 13
as described afore. The method further comprises a step
of mounting a terminal device 9 according to the above
embodiment to the stator 3 such that the busbars 27a,
27b, 27c are connected to the stator winding 13 and that
the insulation body 22 insulates the busbars 27a, 27b,
27c against the winding head 14. The busbars 27a, 27b,
27c are preferably made of blank copper.

[0076] Thereafter, the method comprises a step of ro-
tating the stator 3 with the mounted terminal device 9
about the longitudinal axis 23 and a step of impregnating
the stator 3 and the terminal device 9 while rotating them
by means of a resin . Finally, the method comprises a
step of dipping the stator 3 with the mounted terminal
device 9 into resin such that the blank copper is covered
by the resin. Therein, the edge 46b pointing radially in-
wards and the through-holes 47a, 47b avoid an unde-
sired accumulation of resin, when sealing the stator 3
and the terminal device 9 by means of the resin. Before
the step of dipping, the further busbars 8a, 8b, 8c are
connected to the phase connection busbars 27a, 27b,
27c, e.g. by welding.

[0077] Withregard to further embodiments, the electric
machine 2 and/or the inverter 6 may have six phases.
[0078] With regard to further embodiments it is also
possible that the busbar 28 is disposed radially outside
or between the busbars 27a, 27b, 27c.

[0079] With regard to further embodiments, the
number of the bends 29 and the straights 30 may be
smaller or larger than described afore. Also, the angular
range of the accommodation spaces 26a to 26d and of
the busbars 27a, 27b, 27¢c, 28 may be smaller or larger
than described afore. Also, the number of connection
sections 36a to 36e may vary withregard to arespectively
implemented winding scheme.

[0080] Although a star connection of the coils is de-
scribed in the afore-mentioned embodiments, the coils
may be connected to form a delta connection. Therein,
the second terminal conductors and the neutral connec-
tion busbar may be omitted and the number of ribs 25a
to 25e and accommodation spaces 26a to 26d may be
reduced.

Claims

1. Terminal device (9) for a stator (3) of an electric ma-
chine (2), comprising

- a central opening (21);

- aninsulation body (22) surrounding the central
opening (21) about a longitudinal axis (23) ex-
tending through the central opening (21), the in-
sulation body (22) comprising a base (24) and
a plurality of concentrically arranged ribs (25a-
e) protruding from the base (24) into an axial
direction and extending along a circumferential
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direction;

- a plurality of accommodation spaces (26a-d),
each formed between a respective pair of radi-
ally adjacent ribs (25a-e); and

- a plurality of busbars (27a-c, 28), each being
arranged inside one of the accommodation
spaces (26a-d) and each having a plurality of
bends (29) and a plurality of straights (30), the
bends (29) and straights (30) forming a polygo-
nal shape of the busbar (27a-c, 28),

characterized in that
each accommodation space (26a-d) has the shape
of a sector of an annulus.

Terminal device according to claim 1, wherein

the bends (29) touch one rib (25a-d) of the pair of
adjacent ribs (25a-e) that form the accommodation
space (26a-d) such that the busbar (27a-c, 28) is
fitted into the accommodation space (26a-d) by a
retraction force.

Terminal device according to claim 2, wherein

- the accommodation space (26a-d) comprises
clearances (32) formed between the rib (25a-d)
touched by the bends (29) and the straights (30)
and/or

- the accommodation space (26a-d) comprises
clearances (33) formed between the other rib
(25b-e) of the pair of adjacent ribs (25a-e) and
the bends (29) and/or

- at least a part of the straights (30) touches the
otherrib (25b-e) of the pair of adjacent ribs (25a-
e).

Terminal device according to any of the preceding
claims, wherein each busbar (27a-c, 28) has a cross-
sectional area with opposing long sides (34) extend-
ing along the axial direction and with opposing short
sides (35) connecting the long sides (34), each bus-
bar (27a-c, 28) comprising

- plural connection sections (36a-e) being ar-
ranged at different angular positions along the
circumferential direction and

- bar sections (37a-d) extending between the
connection sections (36a-e), wherein the long
sides (34) within the connection sections (36a-
e) are larger than the long sides (34) within the
bar sections (37a-d).

Terminal device according to claim 4, wherein

the or some of the connection sections (36a-e) are
formed as coil connection sections (36a-c, 36e) pro-
truding from the straights (30), wherein the insulation
body (22) comprises openings (38, 40) penetrating
the base (24) at angular positions of the circumfer-
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10.

ential direction, where a respective coil connection
section (36a-c, 36e) is arranged.

Terminal device according to any of claims 4 or 5,
wherein

plural of the busbars (27a-c, 28) are formed as phase
connection busbars (27a-c), wherein one of the con-
nection sections (36a-e) of each phase connection
busbar (27a-c) is formed as a phase connection sec-
tion (36d).

Terminal device according to claim 6, when being
dependent on claim 5, wherein

one rib (26b-d) of the pair of ribs (26a-d) forming a
respective one of the accommodation spaces (26a-
c) for the phase connection busbars (27a-c) forms
radial recesses (39) such that the openings (38) are
surrounded on three sides by the rib (26b-d).

Terminal device according to claim 6 or 7, wherein

-the long sides (34) within the phase connection
section (36d) are larger than the long sides (34)
within a respective other one of the connection
sections (36a-c) and/or

- the long sides (34) within one of the bar sec-
tions (37b) that extends between the phase con-
nection section (36d) and one of the coil con-
nection sections (36b) are larger than the long
sides (34) within a respective other one of bar
sections (37a, 37c) and/or

- each phase connection busbar (27a-c) extends
along an angular range in the circumferential di-
rection of atleast 180°, preferably at least 220°,
more preferably at least 230° and/or at most
300°, preferably at most 270°, more preferably
at most 260°.

Terminal device according to any of claims 6 to 8,
wherein

the ribs comprise protrusions (43a-c) extending into
the axial direction away from the base (24) at angular
positions in the circumferential direction, where the
phase connection sections (27a-c) are arranged,
each protrusion (43a-c) having an axial deepening
(44a-c) that forms a mounting space for a further
busbar (8a-c) to be connected with the phase con-
nection section (36d), the mounting space being ar-
ranged with an axial distance to the bar section (37¢)
of a respective phase connection busbar (27a-c).

Terminal device according to any of claims 6 to 9,
wherein

one of the busbars (27a-c, 28) is formed as a neutral
connection busbar (28)

- being arranged radially inside with respect to
the phase connection busbars (27a-c) and/or
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- extending along a larger angular range in the
circumferential direction than the phase connec-
tion busbars (27a-c).

Terminal device according to claim 10, when being
dependent on claim 5, wherein

at each of the angular positions one rib (25e) of the
pair of ribs (25d, 25e) forming the accommodation
space (26d) for the neutral connection busbar (28)
the openings (40) are radially open towards the cen-
tral opening (21).

Terminal device according to any of the preceding
claims, wherein

- the terminal device (9) further comprises at
least three legs (45) extending from the base
(24) into the axial direction away from the ribs
(25a-e), each leg (45) having a cross-sectional
area perpendicular to the axial direction with a,
particularly radiused, edge (46b) pointing radi-
ally inwards and/or

- the base (24) comprises a plurality of through-
holes (47a, 47b).

Electric drive (1) for a vehicle (100), comprising

- an electric machine (2) having a stator (3) and
a rotor (4) being rotatably mounted inside the
stator (3), the stator (3) comprising a stator core
(12) and a stator winding (13), the stator winding
(13) forming a winding head (14) at an axial face
side (15) of the stator core (12), and

- a terminal device (9) according to any of the
preceding claims, the busbars (27a-c, 28) being
connected to the stator winding (13), wherein
the insulation body (22) insulates the busbars
(27a-c, 28) against the winding head (14).

Electric drive according to claim 13, when being de-
pendent on claim 5, wherein

the stator winding (13) comprises a plurality of coils,
each coil being formed by a first terminal conductor
(19a-c), a second terminal conductor (20) and further
conductors realizing a current path from the first ter-
minal conductors (19a-c) to the second terminal con-
ductor (20), wherein a respective terminal conductor
(19a-c, 20) extends in the axial direction away from
the winding head (14) through one of the openings
(38, 40) and is connected to one of the coil connec-
tion sections (36a-c, 36e).

Electric drive according to claim 14, when being de-
pendent on claim 6, wherein

the first terminal conductors (19a-c) are connected
to the coil connection sections (36a-c) of the phase
connection busbars (27a-c) and comprise a first
bend (41) to extend along the radial direction be-
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16.

17.

18.

19.

20.

21.

22.

tween the winding head (14) and the insulation body
(22)and a second bend (42) to extend axially through
the opening (38).

Electric drive according to claim 14 or 15, when being
dependent on claim 10, wherein

the second terminal conductors (20) are connected
to the neutral connection busbar (28) and extend
straightly along the axial direction between the wind-
ing head (14) and the insulation body (22) to extend
through the opening (40).

Electric drive according to any of claims 14 to 16,
wherein

the second terminal conductors (20) are disposed at
an inner diameter of the winding head (14).

Electric drive accordingtoany ofclaim13to 17, when
being dependent on claim 10, comprising

a further bus bar (8a-c) for each phase connection
busbar (27a-c), the further busbar (8a-c) being
mounted inside the mounting space and being con-
nected to the phase connection section (36d).

Method for manufacturing an electric drive (1) for a
vehicle (100), comprising the following steps:

- Providing a stator (3) comprising a stator core
(12) and a stator winding (13), the stator winding
(13) forming a winding head (14) at an axial face
side (15) of the stator core (12);

- Mounting a terminal device (9) according to
any of claims 1 to 12 to the stator (3) such that
the busbars (27a-c, 28) being connected to the
stator winding (13) and that the insulation body
(22) insulates the busbars (27a-c, 28) against
the winding head (14).

Method according to claim 19, the method further
comprises the following steps:

- Rotating the stator (3) with the mounted termi-
nal device (9) about the longitudinal axis (23);
- Impregnating the stator (3) and the terminal
device (9) while rotating them by means of a
resin.

Method according to claim 19 or 20, wherein the bus-
bars (27a-c, 28) are formed by blank copper, the
method further comprising the following step:

- Dipping the stator (3) with the mounted terminal
(9) device into resin such that the blank copper
is covered by the resin.

Method according to claim 20 or 21, wherein a ter-
minal device according to claim 12 is used, wherein
during impregnating the stator (3) and/or after dip-
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ping the stator (3) the resin flows through the
through-holes (47a, 47b) and/or along the edge
(46b) pointing radially inwards.
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